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was obtained according the Nernst equation: against the reversible electrode according to the Nernst equation (eq S1):
(Eq. S1) where V RHE and V Ag/AgCl are the applied potentials against RHE and the silver/silver chloride reference electrode respectively.
Potentials were applied between the sample and the reference electrode using a ministat from Sycopel Scientific Ltd.
Illumination was provided by one or two LEDs LZ1-10U600 (LedEngin Inc.), emitting at 365 nm. The light intensity was controlled by applying a fixed current (from 0.1 to 0.7 A) and adapting the voltage source to minimize the stabilization time. The light intensity was measured by a Si photodiode (FDS100-CAL from Thorlabs), placed at the same position as the sample.
Opto-electronic setup
For PIA experiments, light pulses with approximately 5s on/5s off, provided by the 365 nm LED (pump light), while recording transmitted probe light and the photocurrent flowing between the working electrode and the counter electrode.
The probe light source was a tungsten lamp (Bentham IL1 tungsten lamp), and the probe wavelength (650 nm) was selected using a monochromator (OBB-2001, Photon Technology International) placed prior to the sample. Several long pass and band pass filters (Comar Instruments) were used to attenuate the pump light arriving at the detector. Transmitted photons were collected with a Si photodiode (Hamamatsu S3071). The detector signal was passed through an amplifier box (Costronics) and recorded using a Tektronics TDS 2012c oscilloscope. The bare detector signal was also recorded with a National Instruments (NI USB-6211) DAQ card (without amplification). The decays presented here-in are the ones recorded by the DAQ card and correspond to the average of 20 to 50 LED pump pulses.
The PIA signal has been quantified in terms of change in optical density (O.D.) according to the following equation:
with OD 1 the optical density before the pump, OD 2 the optical density at a time t after the pump, I t (t<0) the intensity of transmitted light before the pump, and I t (t) the intensity of transmitted light at a time t after the pump.
S3
Photocurrents were recorded by measuring the change in potential across a 98.2 ohm resistor, set in series between the counter electrode and the potentiostat. The value of the resistance was selected to match the typical series resistance of a hematite photoanode system, 30-100 ohms, as measured by impedance spectroscopy. The signal was sent to the second channel of the oscilloscope, and converted to a photocurrent density, according to the ohm's law.
Light pulses were generated via a MOSFET (STF8NM50N from STMicroelectronics) with a frequency generator (TG300 from Thurlby Thandar Instruments) controlling the gate, and the LED power supply (QL564P from TTi) connected at the drain and the source. The frequency generator was set up to generate a 5V square wave with a frequency of 0.09 Hertz. A second signal from the frequency generator was used to trigger both the oscilloscope and the DAQ card. 
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Normalized spectra show an increased light absorption below 600 nm with increasing the PIA intensity. This feature may be related to electronic states located just below or at the bottom of the conduction band, which were assigned in a previous study using transient absorption measurements. 4 Investigations of this signal is beyond the scope of this study and other PIA measurements were performed at 650 nm to eliminate influence from this signal. At wavelengths longer than 600nm, both normalized spectra ( Fig S3b and d) show that the PIA spectrum are independent of the PIA absorption level, suggesting that the same specie is probed at all absorption intensities. With the average of the two slopes obtained from fitting, we determined that 1mO.D. corresponds to 9.36 10 14 holes cm -2 considering the geometric area, and to 4.46 10 13 holes cm -2 considering the real area and a roughness factor of 21 for these nanostructures. 1 This density of holes results in an extinction coefficient for photogenerated holes at 650nm in hematite of 1.35 10 7 mol -1 cm 2 (or 1.35 10 4 L mol -1 cm -1 ) considering the real area, and 6.43 10 5 mol -1 cm 2 (or 6.43 10 2 L mol -1 cm -1 ) considering the geometric area. S10
Extracting reaction order from PIA decay
The reaction order in hole density has been extracted from the PIA decay (see Eq. 2 in the main text). According to this equation, the reaction order of the reaction with respect to surface-accumulated holes corresponds to the power in the power law defining the relation between the derivative of the hole density and the hole density (slope on a log-log plot).
The PIA signal has been differentiated after being smoothed and plotted against the PIA signal (Fig. S6a ). As the same calibration factor shall be used to convert the derivative of the PIA signal intensity to the derivative of the hole density, and to convert the PIA signal into a hole density, the power observed on this plot corresponds to the reaction order with respect to surface-accumulated holes.
The initial slopes, recorded from PIA measurements performed with different pump light intensities, are shown against the surface hole density in Fig. S6b (red squares) .
The power or slope on a log-log plot has also been monitored during the PIA signal decay for one light intensity (6.02 mW cm -2 ). The data points are shown with blue triangles in Fig. S6b .
Both of these methods show the transition from a reaction order of 1 to a reaction order of 3 when the surface hole density increases above 1 hole nm -2 . We also note that the apparent reaction order is below 1 (∼0.7) at low light intensity and this may be attributed to the noise in the data and to the disorder when reaching these low hole densities. 
